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SPECIFICATION 

1. Title of the Invention: ALLOY FOR CORROSION-RESISTANT 

FERROMAGNETIC THIN FILM 

2 . Claims 

1. An alloy for a corrosion-resistant ferromagnetic 
thin film comprising 20% to 65% of Pd, and the balance 
composed of Fe. 

2. An alloy for a corrosion-resistant ferromagnetic 
thin film comprising x% of Pd, y% of Fe, and Ni as the 
balance (wherein x and y satisfy the relations 20 =s x <; 
4.5y-92.5 and 0 < 100-x-y <; 20). 

3. Detailed Description of the Invention 

The present invention relates to a ferromagnetic 
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composition, particular to a magnetic thin film containing 
palladium. 

A magnetic thin film of permalloy containing about 80% 
of nickel and 20% of iron is intended to be widely used for 
a storage device of a computer, and a bubble domain 
apparatus. In some of these applications, it is known that 
a permalloy thin film requires protection from atmospheric 
corrosion . 

In order to change the properties of permalloy, the 
addition of a third metal to permalloy has been studied in 
various fields. British Patent No. 1125690 discloses that a 
thin film having zero magnetostriction can be obtained by 
using permalloy to which 1 to 12 atomic % of palladium is 
added. This alloy has lower corrosion resistance than that 
of permalloy. 

In Journal of Applied Physics, supplement to Vol. 33 
(1962), pp. 1051-1057, the study of Bradley shows the 
properties of nickel-iron-cobalt thin films. The nickel- 
iron-cobalt thin films exhibit high domain wall motions, 
coercive force and anisotropic magnetic fields, as compared 
with simple binary permalloy thin films. 

In Journal of Applied Physics, Vol. 47, No. 3 (1976), 
pp. 1158-1163, the study of Rice Suits and Lewis titled 
"Magnetic, Corrosion and Surface Properties of Ni-Fe-Cr Thin 
Films" shows the corrosion, surface and magnetic properties 
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of permalloy thin films containing chromium. 

Although chromium decreases corrosion of a permalloy- 
type alloy, it also rapidly decreases magnetization and 
magnetoresistance . 

In "Magnetism and Metallurgy", written by Kouvel, 
Academic Press, 1969, Vol. 2, pp. 569-573, the magnetic and 
crystallographic properties of Fe-Pd and Fe-Pt alloys are 
described. In this report, similarities between the Curie 
temperatures and saturation magnetizations of the two alloys 
are described in detail. However, the report neither 
suggests nor teaches a specified alloy composition which can 
be commercially used in place of permalloy. Furthermore, 
the report does not describe the corrosion properties of 
these alloys . 

In "Ferromagnetism" written by Bozorth, VanNostrand 
Corporation, No. 4, pp. 411-412, the magnetic properties of 
Fe-Pd alloys are described. 

A main object of the present invention is to provide an 
improved alloy. 

Another object of the present invention is to provide a 
ferromagnetic alloy having improved corrosion resistance. 

Still another object of the present invention is to 
provide a corrosion-resistant alloy having magnetic 
properties suitable for use in a bubble domain apparatus. 

A further object of the present invention is to provide 
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a corrosion-resistant alloy having magnetic properties 
suitable for use in a thin film magnetoresistive head for 
sensing a magnetic disk or a credit card, a thin film 
inductive head, and other applications. 

These objects can be achieved by the following 
composition : 

wherein x is 20 to 65 atomic %, the lower limit of y is a 
value (25 to 35%) along line AB in Fig. 1, the upper limit 
of y is 80 atomic %, and x+y is 80 atomic % or more. 

The composition preferably contains 35% of Pd, 60% of 
Fe, and 5% of Ni. Preferably, the composition may contain 
40% of Pd, 60% of Fe. An alloy having the composition has 
higher corrosion resistance and magnetization 4jiM than those 
of permalloy. 

Other objects of the present invention will be made 
clear from the detailed description of examples below. 

When 20 to 65 atomic % of palladium is added to a 
nickel -iron permalloy- type alloy, the corrosion resistance 
of the alloy is significantly increased. At the same time, 
the magnetic properties of the alloy, for example, 
magnetization 4jiM and magnetoresistance , are relatively 
slowly changed by adding palladium. The contents of 
palladium and iron may be the above -described values, and 
thus nickel may be removed from the alloy. As a result, a 
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binary alloy of FePd can be obtained, not a ternary alloy of 
NiFePd. It has not been known that such a binary alloy 
exhibits corrosion resistance, and it has not been thought 
that a binary alloy is useful for a thin film inductive head, 
a magnetic bubble apparatus, a thin film magnetoresistive 
head for sensing a magnetic disk or credit card, and other 
magnetoresistive applications, prior to the present 
invention. 

As shown in a ternary diagram of Fig. 1, compositions 
in the scope of the present invention fall in the 
trapezoidal region surrounded by thick lines . The 
compositions are defined by the formula Ni 100 _ x _ y Fe y Pd x 
wherein x is 20 to 65 atomic %, the lower limit of y is a 
value (25 to 35%) along line AB in Fig. 1, the upper limit 
of y is 80 atomic %, and x+y is 80 atomic % or more. A 
preferred composition of a binary alloy comprises 65% to 55% 
of Fe, and 35% to 45% of Pd. A preferred composition of a 
ternary alloy comprises 50% to 70% of Fe, and 0.1 to 10% of 
Ni. 

A nickel-iron-palladium thin film is formed by 
simultaneous evaporation from two evaporation sources . One 
of the evaporation sources is a beryllium oxide crucible 
containing a nickel-iron ingot and being resistance-heated. 
The other evaporation source is an electron beam gun 
evaporation source containing a palladium ingot . During 
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evaporation of the alloy, the degree of vacuum is typically 
in the range of 10 -6 to 10~ 7 torr. The deposition rate is 
about 180 A/min # and the substrate temperature is about 
200° C. The thin film can be deposited on a fused quartz or 
floating glass substrate by evaporation. The thickness of 
the thin film may be changed from 300 A to 20000 A. The 
thickness varies with applications. All of the data values 
shown in Figs. 2 and 3 were obtained for thin films formed 
by evaporation. Some of the properties of thin films, such 
as coercive force and the like, are sensitive to the 
formation conditions . A test showed that the substrate 
temperature is an important parameter for the evaporation 
process. It is generally known that the necessary substrate 
temperature is 60° C to 450° C, and preferably 200° C. A thin 
film having satisfactory properties and falling in the 
composition range limited in the present invention can also 
be formed by sputtering. 

Fig. 2 shows the corrosion data inside and outside the 
composition range limited in the present invention. The 
corrosion values of permalloy (80% Ni and 20% Fe) were 1.14, 
1.15, 2.13 and 2.33 A/hr, and the average was 1.69 A/hr. 
Fig. 2 indicates that an alloy must contain at least 20% of 
palladium for decreasing corrosion to a value lower than the 
values obtained with permalloy. A plurality of values means 
a plurality of tests of the composition. 
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The corrosion test is an atmospheric test in which an 
alloy thin film is exposed to an atmosphere known to 
accelerate decay of a transition metal. The test conditions 
used are as follows: 

relative humidity of 70% 

temperature of 25 . 0° C 

510 ppb of N0 2 

310 ppb of S0 2 

15 ppb of H 2 S 

3 ppb of Cl 2 

170 ppb of 0 2 

pure air as the balance 

A change in resistance of the thin film with time was 
used as a means for measuring a corrosion rate. The rate is 
represented by the thickness (by the unit of angstrom (A)) 
removed per hour of exposure time. 

Fig. 3 shows the data of magnetization 4jiM inside and 
outside the composition range limited in the present 
invention. The 4nM values of permalloy were 10.5 and 8.8 KG, 
and the average was 9.6 KG. Fig. 3 indicates that an alloy 
must contain at least 25% to 35% of iron for obtaining a 4jtM 
value higher than or equal to the values obtained by 
permalloy . 

Magnetoresistance Ap/p was measured for a series of 
ternary NiPdFe alloys and binary PdFe alloys in the range 



surrounded by the thick lines in Fig. 1. Some of the alloys 
show a Ap/p value of 0.5% to 0.9% which is suitable for 
detecting a change of magnetization in some applications. 

4. Brief Description of the Drawings 

Fig. 1 is a ternary diagram showing the composition 
range of palladium- iron-nickel alloys which is an object of 
the present invention. Fig. 2 is a ternary diagram showing 
corrosion data of some compositions, and Fig. 3 is a ternary 
diagram showing data of magnetization 4jtM of some 
compositions . 
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